ABSTRACT -The experiment evaluated total and individual yield of commercial cuts, bones, and trimmings of carcasses from 38 Braford steers at 22 months of age finished in a feedlot. Carcasses were ranked according to three conformation classes (good minus = score 10; good = score 11; good plus = score 12), and three weight classes (heavy = 229.4 kg, intermediate = 205.0 kg, and light = 184.0 kg, ranging from 222.9 to 250.4, 201.5 to 209.0, and 170.0 to 190.3 kg, respectively). Carcass cold shrinkage was not affected by conformation, but it was significantly lower in heavy (1.83%) than in intermediate (2.53%) and in light carcasses (2.30%), which were not different among each other. Carcass flank percentage was not affected by conformation, but it was significantly higher in heavy (13.93%) and intermediate carcasses (13.87%) as compared to light carcasses (13.07%). Deboned beef cuts (78.08%) of carcasses of steers, bone (16.57%), and trimmings (5.23%) yields and losses due to deboning (0.12%) were not significantly affected by carcass weight. However, when they were evaluated according to conformation classes, those with better conformation showed higher meat cut yield (78.75 vs 77.92 and 77.29%). Conformation affects meat cut yield of carcasses of young steers while carcass weight does not show this characteristic.
Introduction
After the 1990s, the debate on a Brazilian beef carcass ranking system further developed, and aimed at establishing a pricing system and at identifying the products to the consumers. Gradual changes in the trading systems were made, starting with compensation per carcass weight, and payment of a premium for better carcass quality.
At the same time, there was intense scientific research that measured and expanded the knowledge on carcass and beef traits, such as the studies by Müller & Primo (1986) , Restle et al. (1999a) , Restle et al. (1999b) , Perotto et al. (2000) , , Restle & Vaz (2003) , and Paulino et al. (2005) .
Brazilian packing plants used to market their products only as whole carcasses or primary cuts. However, the need to become more professional required restructuring the beef chain, with deboning and vacuum-packing as landmarks of the new distribution chain. This brought advantages for the entire chain, such as better quality control lower processing and distribution costs, adding value to the products and increasing their shelf-life. Carcass quality and yield became important (Restle & Vaz, 2003) .
To understand which biotypes and carcass standards result in higher cuts yield became the objective of researchers such as Bonilha et al. (2007) and Tarouco et al. (2007) , in order to determine which of those biotypes and carcass should get premiums for productivity and quality.
The classical study of Hedrick et al. (1969) contributed to the US packing industry because it generated knowledge on the effects of weight and conformation on the deboned yield of steers slaughtered in commercial packing plants in the US.
Some biotypes are more interesting for packers; however, they can be more expensive to be produced due to their low biological efficiency, as demonstrated by their lower feed efficiency. According to Pötter et al. (1998) , intensive production systems are economically more efficient, but there are quite few studies in Brazil on the interaction between interests of packers and farmers in carcass quality and yield.
This study aimed at evaluating individual and total cut yield in steers as a function of carcass weight classes and conformation.
Material and Methods
In this study, 38 carcasses of castrated Braford steers at 22 months of age derived from a controlled and traced commercial herd were used. All animals were born in October, 2005, and they were placed in a feedlot in May, 2007, with initial average weight of 320 kg. Steers were feed sorghum silage ad libitum and concentrate at 1.35% of their body weight. Average daily weight gain was 1.25 kg. After 72 days in the feedlot, when steers visually reached body condition to market, steers were sold to a commercial packing plant with federal inspection, also located near the university.
Steers followed the normal processing flow up to chilling at 1 o C for 48 hours. The average weight at slaughter was 404.00 kg, resulting in an average carcass yield of 51.05% and average hot carcass weight of 206.24 kg. Carcasses were weighed and subjectively evaluated by three different individuals for conformation according to a 18-score scale, as described by Müller (1987) . In this scale, score 1-3 correspond to carcasses classified as "poor", 4-6 as "inferior", 7-9 as "regular", 10-12 as "good", 13-15 as "very good", and 16-18 as "superior".
Carcasses were first classified and studied according to three weight classes (heavy = 229.40 kg; medium = 205.04 kg, or light = 184.00 kg,, for 13, 13, and 12 carcasses, respectively), in which fat thickness, conformation, or any other characteristic was not considered. Weight range in each class ranged from 222.9 to 250.4, from 201.5 to 209.0, and from 170.0 to 190.3 kg, for heavy, medium, and light carcasses, respectively.
Carcasses were then classified and studied according to three conformation classes (good minus, good, and good plus) according to the methodology described by Müller (1987) with 13, 17, and 8 carcasses in each class, respectively. Again, weight, fat thickness, or any other characteristic was not considered
In order to obtain the yield of each full primxal cut, carcasses were divided in pistol (hindquarter special, containing round, rump, and loin) and flank and forequarter (five ribs), weighed, and then sent to a refrigerated room for deboning.
All cuts were weighed and deboned during the same shift by the same workers, aiming at maintaining the same cut and trimming standards, and this resulted in the respective boneless beef cuts (except for ribs of the primal cut, which remained in the wide pistol and was prepared bone-in), edible trimmings (edible meat + fat trimmings), discarded trimmings (excessive fat trimmings + tallow + membranes), discarded bone, and weight loss inherent of the deboning process. This weight loss is probably because of the dehydration of cuts or small amounts of tissue that are lost during handling. Typical deboning standard for the Brazilian domestic market was used, with moderate to close trimming, complying with the demands for the production of branded vacuumpacked beef.
Meat cuts and edible trimmings were weighed, and they consisted of prepared cuts, summing up the parts sold for human consumption. Discarded bones and trimmings were also weighed to calculate the participation of each fraction relative to cold carcass weight.
The same procedures were used for the forequarters, which produced all the boneless cuts and fore ribs, including the rib plate, except for short ribs and rib roast that, along with the T-bone steak, were the only meat cuts prepared and packed with bones.
A completely randomized experimental design was applied, with different numbers of replicates for weight class (W) and conformation class (C). Data were submitted for analysis of variance, and means were compared by the test of Tukey (SAS, 1997) .
When weight, conformation, and fat thickness classes were not the studied parameters, they were used as covariates, and as they did no present any significant effect, they were removed from the model. 
Results and Discussion
Carcass weight means (always considering half carcasses) were significantly different, which was expected because of the requirements used to build the weight classes ( Table 1 ). The average weight of the 38 carcasses was 206.15 kg.
Conformation and fat thickness were not significantly different among carcass weight classes (Table 1) , and therefore, these traits did not influence beef cut yield results from weight evaluation, indicating that any possible variation in yield was due to weight.
Cold shrinkage was lower (P<0.05) in the heavy carcasses as compared to medium and light ones, which presented similar cold shrinkage (P>0.05) ( Table 1) . This was probably because of the lower surface area per weight unit in the heavier carcasses. Average cold shrinkage was 2.2% (Table 1) , which was considered normal as it was obtained after 48 hours of chilling. The standard in the processing industry is 2.0% loss in 24 hours of chilling. Similar results were reported by Restle et al. (1997) and Kuss et al. (2005) .
Primal cut yields were not different among carcass weight classes, except for flank, which had the lowest participation in light carcasses (Table 2 ). This is explained by the spine distance from the section dividing the pistol and the forequarter, which turned to be proportional for carcass weight, according to the method of Muller (1987) . Berg & Butterfield (1976) mentioned that pistol muscles develop earlier in the entire carcass. This means that growth rate of pistol cuts decreases as carcass weight increases. In the studies by Berg & Butterfield (1976) , forequarter percentage did change as carcass weight increased, and pistol proportion decreased due to the increase in flank proportion relative to the full carcass because abdominal muscles developed later as compared to pistol muscles.
In a study using steers in different development stages, Arboitte et al. (2004) concluded that increasing slaughter weights resulted in a reduction in the percentage of the pistol and a linear increase in the percentage of flank in the carcass. According to , the increase in the percentage of flank in heavier carcasses with higher fat thickness may be attributed to a higher fat deposition in this area, which proportionally increases more than the total of carcass weight, as also found by other researchers (Restle et al., 1999a; Costa et al., 2002; and Kuss et al., 2005) .
Tenderloin relative yield was higher (P<0.05) in lighter carcasses as compared to the heavy ones, indicating that this cut grows earlier than the carcass as a whole (Table 3) .
When evaluating 98.595 carcasses of male and female zebu crossbreds, Ledic et al. (2000) found similar meat cut yields as those in the present experiment, and it was mentioned the limitations in their evaluations methods. Those authors expressed meat yield relative to hot carcasses, and obtained values of 47.89% for the pistol, 38.48% for the forequarter, 10.14% for flank, and 3.49% inherent losses from hot to cold carcass, including deboning inherent losses. CV -Coefficient of variation; P -Probability. Means followed by different letter for the same parameter are different (P<0.05) by Tukey test. 1 Scale of scores 1 to 18, with 10 = good minus, 11 = good, and 12 = good plus. 2 Scale of scores 0 to 4, with 1 = regular (3-4 mm); 2 = good (5-6 mm), and 3 = excellent (7-8 mm).
The yields of the forequarter and its cuts were not influenced (P>0.05) by carcass weight classes (Table 4) .
Ledic et al. (2000) obtained 8.02% bones in the forequarter, which is very close to the value (7.41%) measured in the present experiment. However, the values of the other forequarter cuts were different, possibly due to differences in data collection, cutting, and trimming methods or perhaps due an actual difference in carcass composition.
Flank yield was higher (P<0.05) in heavy carcasses than in the light carcasses (Table 5) and consequently fore ribs, edible trimmings, and thin flank yields were higher, which was expected as flank primal cut had a higher participation in heavy carcasses (Table 2) .
Total yield of meat cuts prepared for sale from the pistol and the forequarter was not affected by carcass weight classes, although the flank of the heavy carcasses presented higher cut yield (Table 6 ), as previously discussed.
Total deboned yield of the prepared cuts was not influenced (P>0.10) by carcass weight differences ( Table 7) . The average was 78.08% of prepared cuts, including edible trimmings. Discarded bones and discarded trimmings were not different either.
In the study of Ledic et al. (2000), 72.59% edible meat, 19.64% bones, and 4.21% discarded trimmings were obtained. According to the authors, some variation in beef cuts weight and their percentages relative to carcass weight is expected when different studies are compared.
According to Osório et al. (1995) , who evaluated the carcasses of Hereford steers at 30 to 36 months with weights ranging between 134.5 and 224.00 kg, no differences in pistol cuts were found probably because of the small difference among the ages of the steers. The authors stated that the results clearly showed that there is no increase in the proportion of the most valued pistol cuts in Hereford steers with body weights ranging from 302 to 470 kg; actually, total pistol percentage decreased as live weight and hot carcass weight increased. Another conclusion of this study was that there is no commercial advantage in slaughtering heavier or older Hereford steers because higher body, carcass, and pistol weights do not improve carcass quality in terms of the proportion of cuts with higher commercial value. The absolute weight of these cuts increase with slaughter weight, and this may be advantageous for packers if their processing cost is considered per slaughtered unit. Taking into account a determined cost per kg of deboned beef, animals that produce higher percentages of prime cuts would be more interesting for packers. Bonilha et al. (2007) evaluated commercial cut yield of Nelore Seleção, Nelore Controle, and Caracu cattle, and did not find any edible portion difference among the studied genetic groups. Bone percentage was not different among the two Nelore groups, either in terms of full carcass or quarters. They observed that cuts prepared from the pistol, such as tenderloin, rump, knuckle, inside, and eye of round of Nelore Seleção cattle presented higher values as compared to Nelore Controle when evaluated in absolute terms. Edible portion yield of the carcasses of Caracu, Seleção, and Controle was 66.8, 67.6, and 67.6%, respectively. These values are lower than those found in the present experiment, although all boneless cuts were evaluated, and edible and non-edible trimmings were presented together in the study by Bonilha et al. (2002) . In addition, the authors did not find any differences in trimmings yield, and considered edible only definite cuts, concluding that the selection for weight did not change total edible carcass yield, or bone or trimmings percentages.
Total bone carcass yield was 19.13% in the study by Bonilha et al. (2007) , which is higher than that obtained in the present experiment (16.57%). However, flank bones are not included in the latter figure, because this cut was bone-in prepared. Ledic et al. (2000) Bonilha et al. (2007) . These authors also found a general mean of 11.3% trimmings, which is consistent with total trimmings yield of the present experiment. Norman & Felício (1981) , in an experiment with Charolais, Canchim, Nelore, and Guzerá breeds, observed that cattle of the two first breeds presented less fat trimmings as compared to Nelore and Guzerá animals. In addition, they presented equal or higher edible meat yield and prime cuts yield.
Cold carcass weight and fat thickness were not different (P>0.05) among the conformation classes, therefore these traits did not influence cut yield evaluated as a function of conformation, when any differences would indicate the influence of conformation per se (Table 8) .
Cold shrinkage was not affected (P>0.05) by carcass conformation classes (Table 8 ). According to Pacheco et al. (2005) , better carcass conformation may result in lower cold shrinkage, but this was not observed in the present experiment. The lower cold shrinkage in carcasses with worse conformation may be related to the lower specific weight of each carcass section, reducing the surface of the muscle exposed to evaporation per weight unit.
Working with heavier carcasses, Hedrick et al. (1969) , according to the US standards, did not find any differences in primal cuts percentages between "choice" and "good" carcass conformation classes Carcasses with the best conformation presented higher yields (P<0.05) relative to "good minus" carcasses, whereas those classified as "good" showed intermediate values (Table 9 ).
In an experiment very similar to the present study, Hedrick et al. (1969) investigated the effects of conformation, carcass weight, and fat thickness on deboned yield of steers slaughtered in US packing plants, and concluded that the highest prepared cut yields obtained in carcasses with the best conformation was due to their lower bone percentage.
The lower participation of discarded bones and trimmings in the carcasses with the best conformation explains the higher yield of cuts prepared from these carcasses (P<0.05) as compared to the two other conformation classes (Table 10) .
Average prepared cut yield, regardless to carcass conformation class, was 78.13%, taking into account that ribs were bone-in prepared. According to Bonilha et al. (2007) , flank bone represents 1.95% of cold carcass weight. If this percentage is discounted from the 78.13% yield obtained in the present experiment, results in 76.18% edible meat yield.
Several studies carried out in Brazil used the HH section (rib section that estimates carcass physical composition as a whole) proposed by Hankins & Howe (1946) to predict carcass composition. Feijó et al. (2001) used Angus × Nelore steers with 4.4 mm average fat coverage, and estimated edible cuts yield, using the HH section, in 81.65% and bone yield in 17.1%. However, in the present experiment, rib bone was not removed, differently from the study by Feijó et al. (2001) . Therefore, it is possible that the bone fractions determined in the studies using the HH section were underestimated. Further research studies should be carried out on this subject as the frame of cattle has changed in the last few decades. When the equations In the studies by Osório et al. (1995) , Junqueira et al. (1998) , Ledic et al. (2000 ), Coutinho Filho et al. (2006 , Bonilha et al. (2007) , and Tarouco et al. (2007) , the authors used the direct deboning method, and found lower edible cuts percentages and higher bone percentages than those reported in most of the articles using the HH section proposed by Hankins & Howe (1946) .
Although carcass weight does influence the relative yield of prepared cuts, the packing plants, as they produce meat, benefit from heavy carcasses, since they allow higher processing yield, with consequent lower processing cost per produced unit. In addition, some markets prioritize cuts within narrow weight ranges, undervaluing those with lower weights. For the farmer, steers with higher slaughter weights mean lower biological efficiency, which may be compensated by the packing industry paying progressive premiums for weight classes.
The current levels of incentives offered to farmers, ranging between 0.5 and 2.0%, according to packing company, may not be enough to compensate the costs generated by the lower feed efficiency caused by increases in slaughter weight and time required for fat thickness. The magnitude of these values can be demonstrated by a simulation of different herd composition scenarios, which include different slaughter weights and all animal performance and economic parameters are fixed (Pötter et al., 1998; Beretta et al. 2002) . The best conformation positively influenced meat yield (Table 10) , even though the conformation classes were not very different due to the pattern of the animals.
The packing companies will always be interested in obtained the best conformation in terms of muscling, as beef will increasingly be marketed as boneless meat. Animals with better conformation probably are more biologically efficient, therefore being more profitable for farmers.
Packers will continue to prioritize young animals, with carcass weight ranging from 220 to 265 kg, and from 5 to 8 mm fat thickness, along with the predictable and normal variations required by market niches. Farmers, on the other hand, will produce these carcasses if compensated by the lower biological efficiency of cattle that allow obtaining carcasses complying with the abovementioned standards, rather than lighter carcasses with lower fat thickness. If not compensated, farmers will focus on biological efficiency and reduced slaughter weight and fat thickness, resigned that their relation with the packer will continue to be difficult and determined by a conflict of interests. Table 8 -Conformation score, cold half carcass weight, cold shrinkage, and fat thickness according to carcass conformation classes CV -Coefficient of variation; P -Probability. Means followed by different letter for the same parameter are different (P<0.05) by the Tukey test. 1 Scale of scores 1 to 18, with 10 = good minus, 11 = good, and 12 = good plus. 2 Scale of scores 0 to 4, with 1 = regular (3-4 mm); 2 = good (5-6 mm), and 3 = excellent (7-8 mm). 
Conclusions
Total relative yield of beef cuts prepared by carcass deboning is influenced by carcass conformation, but not by carcass weight. Cold shrinkage is lower in heavier carcasses, but it is not influenced by carcass conformation. The relative proportion of flank increases with carcass weight, but it is not affected by carcass conformation. There is no effect of carcass weight or conformation on pistol and forequarter primal cuts yields. 
